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Abstract. [Purpose] The purpose of the present study was to evaluate the relationship between physical function, 
cognitive function, and activities of daily living in children with cerebral palsy. [Subjects] Sixty-eight children who 
had been diagnosed with cerebral palsy and have participated in inpatient or outpatient rehabilitation programs were 
enrolled in the present study. We used 3 clinical assessments: the Gross Motor Function Measure (GMFM), the Bay- 
ley Infant Development Screening Test-II (BSID-II), and the Wee Functional Independence Measure (WeeFIM). 
[Results] The GMFM was positively correlated with the BSID-II motor scale and the BSID-II cognitive scale, but 
not with the WeeFIM scores. The BSID-II motor scale was significantly correlated with the GMFM and BSID-II 
cognitive scale, but not with the WeeFIM. [Conclusion] The results of this study provide evidence of the necessity 
of including cognitive and physical impairments in the examination and evaluation of children with cerebral palsy 
in research and clinical settings. 
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INTRODUCTION 

Cerebral palsy (CP) is a non-progressive disease of the 
central nervous system caused by immature brain dam- 
age before, during, or after birth; it results in both motor 
and cognitive impairment 1 '. The prevalence of CP in USA 
was reported 2.7 per 1,000 persons in 2007, and it has a 
gradually increasing trend. The estimated prevalence of CP 
among children has been increasing because the survival 
rate of high-risk, low-birth-weight children is greater than 
it was in the past due to the advent of modern medicine. 
The causes of CP greatly vary, but the main factors associ- 
ated with CP are low birth weight, premature birth among 
low-birth-weight infants, neonatal asphyxia, and kernicter- 
us. Impairments caused by CP include visual impairment, 
hearing impairment, epilepsy, motor weakness, mental re- 
tardation, emotional disturbance, distinctive types of learn- 
ing disabilities, and brain injury 2 '. 

Child development proceeds in a certain direction, and 
individual differences in differentiation and integration 
experiences affect each person throughout his or her life. 
Therefore, a multidimensional treatment approach might 
be appropriate for treating the developmental processes 
of children with CP 3 '. To provide evidence and fundamen- 
tal knowledge regarding treatment approaches, clinicians 
should understand both the physical and cognitive disabili- 
ties caused by CP, and should know how such disabilities 
affect activities of daily living (ADL). Clinical tools that 
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measure physical and cognitive functions include the Gross 
Motor Function Measure (GMFM), the Bayley Infant De- 
velopment Screening test-II (BSID-II), and the Wee Func- 
tional Independence Measure (WeeFIM) 4 '. These tools 
have been individually validated as reliable and valid as- 
sessment tools for CP. However, there have been few stud- 
ies of the correlations between each function and CP status 
in children with CP. In order to prescribe a multifactorial, 
integrated therapeutic approach for children with CP, and 
to predict the effects of physical and cognitive functions on 
ADL, therapists need to gather sufficient information and 
evidence about existing or potential problems with motor 
and cognitive functions, which are ultimately integrated 
with ADL in children with CP. However, the way in which 
cognition interacts with the rehabilitation process is contro- 
versial, and opinions on this topic are largely uninformed 
by empirical evidence related to children with CP 5 ' 6 '. 

The purpose of this study was to evaluate the relation- 
ship between physical function, cognitive function, and 
ADL in children with CP. This study also examined the ef- 
fects of age, CP type, and the ability to stand with or with- 
out assistance on physical function, cognitive function, and 
ADL of children with CP. This study measured the GMFM, 
BSID-II, and WeeFIM to achieve these purposes. 

SUBJECTS AND METHODS 

Sixty-eight children who had been diagnosed with CP 
and had participated in inpatient or outpatient rehabilita- 
tion programs were enrolled in this study. Before the study 
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Table 1. General characteristics of the subjects in this study (N=68) 



Characteristics 


Classification 




Girls (%) 




1-12 


5 C7 41 


1 CI 5^ 




13-24 


10 (14.7) 


11 (16.2) 


Age (month) 


ZJ— JD 


o v l 1 .o^ 






37-42 


8(11.8) 


3 (4.4) 




>43 


6 (8.8) 


7(10.3) 




Spastic hemiplegia 


7(10.3) 


7(10.3) 


Types 


Spastic diplegia 


13 (19.1) 


7(10.3) 


Spastic quadriplegia 


12(17.6) 


13 (19.1) 




Dystonia 


5 (7.4) 


4 (5.9) 


Standing 


Independently 


19 (27.9) 


10 (14.7) 


With assistance 


18 (26.5) 


21 (30.9) 



began, the parents of all the children were provided with 
information about the research purpose and protocol, and 
gave their voluntarily agreement to their children's par- 
ticipation in this study. The inclusion criteria for the study 
subjects were as follows: diagnosis of CP by a pediatrician, 
no other neurological disorders or musculoskeletal dis- 
eases, no serious medical complications, and without any 
inspections. The exclusion criteria were: unstable seizures, 
treatment for spasticity which had lasted for more than 3 
months, severe cognitive impairment, taking antipsychotic 
preparations, or having undergone surgery within the last 
6 months. The clinical characteristics of the participating 
children are described in Table 1. 

All of the participants were measured using three clini- 
cal tools to assess their physical and cognitive function- 
ing. The clinical tools used were the GMFM, BSID-II, and 
WeeFIM. The GMFM was developed by Russell, and is an 
assessment tool which measures the gross motor develop- 
mental status of children with CP. The items of the GMFM 
are appropriate for children whose motor skills are at or be- 
low those of a normal 5 year-old. The tool consists of 88 
items rated on a 4-point ordinal scale: 0 points (completely 
failed to perform) to 3 points (100% done). The inter-rater 
reliability of this measure ranges from 0.92 to 0.99 for chil- 
dren with CP 7 '. The BSID was modified from the California 
Infants' Developmental Test in order to evaluate the devel- 
opment of infants and toddlers according to features devel- 
oped by Bayley. The tool consists of three subscales: cogni- 
tive (mental), movements (motor), and behavior scales. The 
test-retest reliability of this measure is 0.88; thus, it shows 
high reliability 8 '. The WeeFIM is an 18-item observational 
instrument modeled on the adult Functional Independence 
Measure. It measures the severity of disability and changes 
in the functional abilities of children over time and in re- 
habilitation settings. The tool measures direct observations 
obtained through interviews or by the guardian of a child 
regarding exercise and the performance of cognitive tasks. 
The inter-rater reliability of this measure ranges from 0.82 
to 0.94 9 '. 

All assessments in this study were conducted in a qui- 
et, uncluttered therapy room. Three therapists with more 
than 10 years' experience of evaluating children with CP, 



performed the tests. The therapists evaluated the GMFM 
and BSID-II while watching video tapes, and the WeeFIM 
through interviews and observation of the child's perfor- 
mance. In addition, all measurements were completed with- 
in 10 days in order to exclude the impact of child develop- 
ment. 

Physical function, ADL, cognitive function, and gross 
motor functions were compared in this study using the 
GMFM, BSID-II, and WeeFIM. The general characteristics 
of the participants were analyzed using descriptive statis- 
tics. Pearson's correlation coefficients were calculated to 
examine the effects of physical function on cognitive func- 
tion and ADL in children with CP. The collected data were 
analyzed using SPSS version 17.0 for Windows (SPSS. Inc., 
Chicago, IL, USA), and significance was accepted for val- 
ues of p<0.05. 

RESULTS 

This study evaluated the effects of age, types of CP, and 
the ability to stand with or without assistance on physi- 
cal and cognitive functions and ADL in children with CP. 
Participants' scores on the GMFM, BSID-II motor scale, 
BSID-II cognitive scale, and WeeFIM did not significantly 
differ with age (Table 2). WeeFIM scores differed signifi- 
cantly with CP type. However, the GMFM and the motor 
and cognitive scales of BSID-II did not significantly dif- 
fer with type of CP (Table 3). The GMFM, BSID-II motor 
scale, and BSID-II cognitive scale significantly differed be- 
tween the ability to stand with and without assistance. How- 
ever, WeeFIM scores did not significantly differ between 
the ability to stand with and without assistance (Table 4). 

The GMFM was significantly, positively correlated with 
the BSID-II motor scale (r = 0.922) and the BSID-II cog- 
nitive scale (r = 0.719), but not with WeeFIM scores. The 
BSID-II motor scale was significantly, positively correlated 
with the GMFM (r = 0.719) and BSID-II cognitive scale (r = 
0.866), but not with the WeeFIM (Table 5). 

DISCUSSION 

The present study examined the effects of age, type of CP, 
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Table 2. Effects of age on the GMFM, BSID-11, and WeeFIM (N = 68) 



Age (month) 


GMFM 


BSID-II 

Motor scale 


BSID-II 

Cognitive scale 


WeeFIM 


1-12 


45.8±28.3 


50.0±29.0 


89.0±53.7 


57.0±14.8 


13-24 


44.8±28.9 


51.1±24.6 


90.9±40.0 


64.3±29.4 


25-36 


42.2±26.6 


46.9±22.6 


86.4±38.9 


74.1±27.4 


37-42 


60.5±30.4 


68.1±27.1 


112.2±37.4 


84.7±24.7 


>43 


42.0±28.1 


53.9±23.9 


100.9±42.2 


57.2±22.7 



GMFM, Gross Motor Function Measure; BSID-II, Bayley Scale Infant Development-II; WeeFIM, 
Wee Functional Independent Measures 



Table 3. Effects of type of cerebral palsy on the GMFM, BSID-II, and WeeFIM (N = 68) 



Type 


GMFM 


BSID-II 
Motor scale 


BSID-II 
Cognitive scale 


WeeFIM* 


Spastic hemiplegia 


39.7±26.4 


43.6±19.6 


84.9±41.5 


99.4±17.2 


Spastic diplegia 


49.6±27.9 


55.3±25.7 


93.1±41.0 


79.2±21.5 


Spastic quadriplegia 


47.6±30.1 


57.4±26.8 


104.7±41.4 


49.6±12.8 


Dystonia 


45.1±26.8 


51.9±26.0 


87.6±38.2 


45.8±20.1 



Abbreviations are the same as in Table 2 
*p < 0.05 



Table 4. Effects of ability to stand with/without assistance on the GMFM, BSID-II, and WeeFIM (N=68) 



Standing 


GMFM* 


BSID-II 
Motor scale* 


BSID-II 

Cognitive scale* 


WeeFIM 


Independent standing 


73.8±15.1 


74.9±18.0 


121.0±32.9 


71.9±26.8 


Assistive standing 


25.8±14.2 


37.1±15.5 


75.6±35.1 


65.2±27.2 



Abbreviations are the same as in Table 2 
*p<0.05 



Table 5. Comparisons of GMFM, BSID-11, and WeeFIM (N = 68) 





GMFM 


BSID-II 

Motor scale 


BSID-II 

Cognitive scale 


WeeFIM 


GMFM 




0 922*** 


0 719*** 


0.044 


BSID-11 Motor scale 


0 922*** 




0.866*** 


-0.035 


BSID-II Cognitive scale 


0 719*** 


0.866*** 




-0.055 


WeeFIM 


0.044 


-0.035 


-0.055 





Abbreviations are the same as in Table 2 
***p< 0.001 



and the ability to stand with or without assistance on physi- 
cal and cognitive functioning, and ADL, and the relation- 
ship between physical and cognitive functioning in children 
with CP. The main findings of this study were: physical and 
cognitive functions significantly differed between standing 
with assistance and standing without assistance; ADL was 
significantly affected by CP type; and GMFM scores were 
significantly correlated with the BSID-II motor and cogni- 
tive scales, but not with WeeFIM. 

Age appropriate capabilities for growth and development 
are certainly important for functional activities as well as 
independent daily and social living for children with CP. 
However, balanced development of physical and cognitive 
functioning is rare in children with CP. If children with CP 



do not function normally in a specific domain, they do not 
show normal overall development, even though their devel- 
opment might be close to normal in other domains. Tem- 
poral growth and development might be close to normal in 
other domains. Temporal growth and development can be 
affected by abnormal posture, muscle and joint contractures, 
malformation, visual impairment, sensory impairment, and 
other major dysfunctions 10 '. Most studies of children with 
neurological disorders have focused on their physical con- 
sequences, and have used cognitive and perceptual func- 
tions to evaluate the effectiveness and determine the appro- 
priateness of therapeutic interventions in rehabilitation. It is 
important to examine cognitive impairment in CP, because 
cognitive deficits independently affect the performance of 
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functional activities and integration with community and 
school surroundings 11 '. However, there has been a paucity 
of study on the relationship between physical and cognitive 
functioning in children with CP and only a few studies have 
demonstrated significant relationships between physical 
and cognitive functioning. 

This study analyzed the effects of age, CP type, and 
ability to stand independently or with assistance on motor 
function, cognitive function, and ADL of children with CP. 
The results indicate that ADL are significantly affected by 
type of CP, but not by age or standing independence. How- 
ever, physical and cognitive functions were significantly af- 
fected by type of CP and independent standing. The results 
suggest that physical functioning is positively related with 
cognitive functioning in children with CP, since children 
who moved more actively showed higher scores in terms of 
physical and cognitive functioning than the children who 
showed fewer active movements. Therefore, to plan thera- 
peutic exercise for CP, therapists should consider the effects 
of active movement, such as standing, on physical and cog- 
nitive functions and the relationship between physical and 
cognitive functioning. 

In conclusion, the present study provides evidence of the 
necessity of including cognitive and physical impairments 
in the examination and evaluation of CP in research and 
clinical settings, because our results show that cognitive 
function is positively related with physical function in chil- 
dren with CP. This study did not show a positive correla- 
tion between ADL and physical and cognitive functioning. 
Future studies will need to investigate these correlations. 
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